INTRODUCTION

Nowadays, the different plans for the promotion of renewable energy and generation processes are stimulating the appearance of distributed generation units in the distribution system. For example the Distributed Energy Resource "DER" (once of the United States's energy department program) focuses these sources as vital components in the future of the generation and supply of the electric power system.These new technologies, integrated in the classic distribution lines witch are controlled by simple voltage regulators (On Load Tap Changers OLTC, banks of capacitors, etc.), produce several problems of power quality. The most important problem appears when the voltage regulator cannot generate an instantaneous reactive power when the system energy demand increases or decreases. The consequence will be that the voltage values exceed the established limits.
The use of the DSTATCOM is a technological solution that allows fast performance and increase reliability of the voltage regulation in the distribution system
. However, in many occasions the connection of several DSTATCOM (modular form) could be necessary in order to reduce the economical cost and to obtain a major flexibility. Unfortunately, the electrical distances could originate interactions in the regulators of these devices, generating oscillations and carrying the distribution grid to a dynamical instability [3] [4] [5] .
STUDIED SYSTEMS
In this paper the analysis of the influence of the regulation interactions between DSTATCOM devices in a distribution grid is presented. The following power systems have been modelled with this aim, including distribution line, DSTATCOM power quality devices and loads ( Fig. 1 and  Fig. 2 ). 
Distribution MV Lines
The distribution lines supply energy to the medium voltage customers and low voltage grid systems (<1KV) [5] . These lines have radial configuration and their working voltage level is in the 1kV-100kV range and the typical values are 1kV, 11kV, 33kV and 69kV. The Table 1 and Table 2 show the features of the studied power systems. The aim of these lines is to supply the current supply of the loads and keep the voltage level within admissible limits. The simplified circuits of the two power systems and their fasorial diagrams are presented in Fig. 3 and 
Loads
The model of the load presented in this paper represents system reactive power variation. Thus, P o and Q o are initial values of active and reactive power respectively and Q p shows the reactive power disturbance.
The implementation of the load model is presented in Fig. 5 . The load resistor represents the active power and the current source the reactive power demanded by the load. 
DSTATCOM Devices
This type of devices injects reactive current allowing the control of the reactive energy flow in the connection line. objective of DSTATCOM in this application is to keep constant the voltage level of the vulnerable points of the grid in the presence of load changes [6] [7] [8] . Usually the control of these applications are based on the load reactive current control or on the voltage module control in the PCC (Point of Common Coupling). The first is used on substations and generally is coordinated with capacitors banks [9, 10] . Thus, it is be able to reduce line reactive energy in presence of hard reactive energy variations and its behaviour is like an independent current source connected to the grid. On the other hand, the voltage module control is used in specific applications when the load variations cause voltage fluctuations producing a decreasment of the reliability of the grid [11, 12] . In this case, the DSTATCOM device is connected near the load controlling the reactive energy flow between the substation and the load. Therefore, it is possible to control the voltage level in the PCC. However, this type of control is directly related to the grid and load parameters.
The control technique developed in this paper has been the second. Thus, the voltage module control is realized comparing desired voltage reference value in the PCC and its measure . The difference will be the error that will be used as the input for a PI controller. The control signal will determine the injected current of the DSTATCOM device and an internal fast current loop assures this current levels (Fig.6 ). The table 3 shows the features of the DSTATCOM designed. 
Features of the DSTATCOM
Inverter rating
S=500kVA / fk=2500Hz Table 3 : Parameters of the DSTATCOM
MATHEMATICAL MODELS
Once defined the models, an analytical study of the dynamic behaviour has been realized. The study is based on the synchronous dq rotating coordinates, taking into consideration that the zero sequence component has no effect. This reference is obtained by means of Park Transformation. Thus, these systems are modelled for small variations in the voltage in response to small variations in the demanded load reactive current.
Model SYS 1
The following figure presents the simplified model of the first power system. The model of the line current can be expressed as
In the PCC, the voltage magnitude is defined as
The model of each DSTATCOM can be simplified taking into consideration its control strategy and using the internal loop as a first order system.
The controller is based on a PI regulator. 
Model SYS 2
The following figure presents the simplified model of the second power system. The line currents can be defined as 
The voltage magnitudes are
The inner current loop of the DSTATCOM and the controller will be the same than the used in equations 4 and 5. However, the injected currents are expressed as
DYNAMICAL ANALYSES
The analysis of these power systems is based on a dynamical study that obtains information about the system modes. In these cases the studied power systems present no lineal models. Therefore an equivalent lineal model applied in a limited range for each case is developed. Thus, the small signal model, valid near the equilibrium points, we will calculated. Where ∆x is the linealized state vector, ∆u is the linealized input vector, A is the state matrix or dynamic matrix and B is the input matrix.
Modal Analysis
The modal analysis is used to determine the modal features of the power system. Thus, the system modes correspond to eigenvalues of the dynamic matrix. Table 4 and Table 5 show the relation between modes for two injected current equilibrium points. In the first table the six modes of the first system are presented. On the other hand, in the second table, eight modes of the second system are shown. These values are obtained when both compensation devices have the same characteristics.
∆I
I Pq =0%
∆ Pq =30% Table 5 : SYS 2 modes for two equilibrium points
All modes establish the system dynamic performance. However, λ 1 and λ 2 are critical modes in both power systems and basically will define the behaviour of the system. These modes are directly related to the external DSTATCOM
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In the case of the first system, λ 1 is a characteristical mode in parallel-connected devices, due to the redundancy of the integrators used in their regulations. Its influence is neglected because it is located in the origin and is declared invalid. Therefore, λ 2 will define the behaviour of the first system diagram. On the other hand, in the second power system, the behaviour will be defined by its λ 1 and λ 2 critical modes.
The distribution system obtain robustness with the introduction of the DSTATCOM. Thus, the dynamic behaviour of the both systems corresponds to the behaviour of first order system, not depending on the load reactive current which dynamic is approximately of 100ms.
The following tables present the variation of the modes when the regulation parameters are changed in the two power systems. Table 6 shows the critical mode of the first system when the regulation parameters of DSTATCOM 1 are kept constant and for different values of regulation parameters of DSTATCOM 2 . Table 7 shows the critical modes for the same procedure in the second system. It can be seen that one change in whichever of these regulation parameters of the DSTATCOM will involve a change in the critical modes and therefore will produce a change of the system behaviour.
λ 2 =-17.95 λ 2 =-54.78 λ 2 =-69.88
T i2 =1 λ 2 =-9.05 λ 2 =-5.45 λ 2 =-3.97 Table 6 : SYS 1-Variation of the critical mode
λ 1 =-9.74 λ 2 =-100 λ 1 =-9.74 λ 2 =-100 λ 1 =-9.74 λ 2 =-100
λ 2 =-9.85 λ 1 =-9.67 λ 2 =-9.93 λ 1 =-9.71 λ 2 =-9.96
λ 1 =-9.86 λ 2 =-100 λ 1 =-9.87 λ 2 =-100 λ 1 =-9.87 λ 2 =-100
85 λ 2 =-9.92 λ 1 =-9.67 λ 2 =-9.93 λ 1 =-9.78 λ 2 =-9.95
.88 λ 1 =-0.97 λ 2 =-9.87 λ 1 =-0.98 λ 2 =-9.87 Table 7 : SYS 2 -Variation of the critical modes Sensibility Indexes
The sensibility indexes aim is to determine the possible interaction between DSTATCOM regulators connected to distribution grid. Thus, these indexes will mean the displacement of critical modes when a change of the regulation parameters of a DSTATCOM causes movement of these modes.
In this paper the sensibility for each i critical mode is defined in the equation 13 and its graphical representation is shown in Fig.9 . A high modal sensibility index will signify important interaction phenomenon and in the other hand a small index will signify light interaction. This definition does not permit to recognise between favourable interaction or catastrophic interaction. Therefore, it is necessary analyse damping ratios for each mode, identifying stability improvement when its new value is better than the initial value and stability degrade in the opposite case.
These indexes have been used in both power system and the following results are obtained. Table 9 : SYS 2 -Sensibility indexes of critical modes
In the first system, the sensibility indexes show that the mode variation is high when K p increases and T i decreases, producing a favourable dynamic interaction. However, when T i increases the system dynamic declines producing a unfavourable dynamic interaction. On the other hand, the sensibility indexes of the second power system present high favourable variation in the λ 2 mode when
18 th International Conference on Electricity Distribution Turin, 6-9 June 2005 T i1 or T i2 decreases. Nevertheless, the dynamic behaviour of the distribution system corresponds to the dynamic behaviour of λ 1 mode in those cases. On the contrary, when T i1 or T i2 increases the system present unfavourable interaction in the λ 1 mode, being able to carry the distribution grid into a dynamic instability.
SIMULATIONS RESULTS
The simulation realized in Matlab-Simulink of two distribution grids are compared and verified with analytical results. The results of the simulations present the large signal behaviour of two power systems. Thus, in Fig.10 , only the first power system dynamic behaviour is presented when both compensation devices have the same characteristics. The figure shows the robustness of the voltage module of the distribution systems for a variation of ∆I pq =30% in the load current and it presents the dynamic behaviour for different regulation parameters. 
CONCLUSIONS
The analysis of the influence of the regulation interactions between DSTATCOM devices in a distribution grid has been presented. Two power systems have been modelled with this aim, including the DSTATCOM increases in the PCC and two DSTATCOM devices performance in the same distribution line.
The analysis of these power systems has been based on a dynamical study that obtains information about the system modes. These results allow to identify the parameters witch more affect on the interactions between both DSTATCOM devices.
The sensibility indexes defined in this paper have permit characterize the interaction level and to define between favorable interaction or catastrophic interaction and also quantify their activity degree. Finally, the simulations of both distribution grid systems are compared and verified with analytical results.
As a general conclusion, it can be said that the reliability of this type of power systems will be established by the most sensitive critical modes. Thus, we can say that it is necessary to act on these modes if we want to assure a complete compatibility and also to certify that their actions are not negative from the grid point of view.
It is forecast that in the future these problems will tend to worsen, as the generation units and power quality devices increase. The analysis methodology defined in this paper tries to be a tool to identify and quantify the interaction levels in these distribution systems.
